Abstract -We studied the cytogenetics of two subspecies of deer in Venezuela: Odocoileus virginianus gymnotis, distributed almost nationwide and O. v. margaritae, endemic to Margarita Island. All individuals examined showed karyotypes of (2n=70), with the same fundamental number (FN=70). The first pair of chromosomes was metacentric (small-sized) and the other 33 pairs were acrocentric (medium-and small-sized). Chromosomes of sexual pair were metacentric (medium-sized (X) and small-sized (Y). C-Banding revealed pericentromeric heterochromatin in all the acrocentric chromosomes, while the metacentric autosomal pair did not show well defined bands. In both subspecies, the X chromosome presented pericentromeric constitutive heterochromatin. The Y chromosome did not show the presence of any C band in O. v. gymnotis. This could not be determined in O. v. margaritae because the only animal available was a female. NOR bands were located on the telomeric region of both chromosomes of pair 2 and in the centromeric region of pair 3. G-banding revealed similar patterns of bands in all chromosomes of both subspecies, except in the autosomal second pair. Odocoileus v. gymnotis showed a terminal band that seems to be absent in O. v. margaritae. These karyotypic analyses do not allow us to assure that the studied entities are two different species. We propose a series of chromosomal rearrangements the could have produced the current karyotypic diversity in the family Cervidae
INTRODUCTION
In order to distinguish species from subspecies, it is important to consider allopatry, genetic differentiation, and phenotypic differentiation (MAYR 1969) . However, decisions have often been made considering only morphological features, which in some instances leads to erroneous phylogenetic distinctions (AVISE 1989) . Odocoileus virginianus (white-tailed.deer) (Zimmermann 1780), which belongs to the family Cervidae and subfamily Odocoileinae, is one of the 12 species of New World cervids from the tribe Odocoileini (EISENBERG 1981; . In Venezuela, it is called "venado caramerudo", and three subspecies have been recognized: O. v. goudotii, in the Andes mountain range, O. v. gymnotis with a nearly countrywide distribution and O. v. margaritae, endemic to Margarita Island. (DANIELS 1991; RO-DRIGUEZ and ROJAS SUÁREZ 1995; SMITH 1991) . MOLINA and MOLINARI (1999) proposed the existence of three full species in Venezuela: O. lasiotis (for O. v. goudotii) , O. cariacou (for O. v. gymnotis) and O.v. margaritae (for O. v. margaritae) , based on the results of morphometric analysis of cranial and mandibular features. Recent studies of genetic differentiation based on mitochondrial DNA (MOSCARELLA et. al. 2003) do not support the proposal of the existence of three full species. In order to characterize these taxonomic entities as well their taxonomic status, the karyotypes of O. v. gymnotis and O. v. margaritae were analyzed using chromosomal banding procedures in order to detect differences between karyotypes of the subspecies.
MATERIALS AND METHODS
We used blood samples from five O. v. gymnotis animals (from central savannas), 2 females and 3 males, coming from El Pinar Zoo and Expan Zoo located in the metropolitan area of Caracas, Venezuela and one O. v. margaritae from the town of San Francisco (Margarita Island). Chromosomes were obtained from heparinized blood samples which allowed the culture of lymphocytes in RPMI 1640 medium, supplemented with HEPES, bovine fetal serum, L-glutamine (200mM/l) and penicillin (5000unit/ml)-streptomycin (5000µg/ml), using Concanavalin-A (1µg/ ml) as mitogenetic agent. After 72 hr of incubation demecolcine was added (10µg/ml) to stop cellular division, and cells then underwent hypotony using KCl (0.075M) for 1 hr and fixation with Carnoy.
In order to obtain C, G and NOR (nucleolus organizer region) bands, methodologies described by SEABRIGHT (1971) , SUMNER (1972) and HOWELL and BLACK (1980) , respectively, with some modifications, were used. Metaphase analysis was carried out using 100X; chromosomal number and morphology were recorded. Photomicrographies were taken using a PCI digital camera. Karyograms were elaborated with the assistance of Corel Photo Paint program (citation). In order to construct the ideograms to carry out chromosomal analysis, chromosome arms contained in 20 metaphases were measured using a digital Mitutoyo vernier with precision of 0.01mm. We used the nomenclature proposed by LEVAN et al. (1964) .
RESULTS
All analyzed samples showed a karyotype of (2n=70), with the same equal fundamental number (FN=70). The first pair of chromosomes was a small metacentric and the other 33 pairs were acrocentric. The three first pairs were medium sized and the others small sized. The largest acrocentric pairs showed secondary constrictions. Both chromosomes from the sexual pair were small metacentrics, and medium-sized (X) or small-sized (Y) (Fig. 1) .
C-banding (Fig. 2 ) revealed pericentromeric constitutive heterochromatin in all chromosomes. In O. v. gymnotis, the X chromosome did not show well-defined bands in some metaphases, while in O. v margaritae such bands always were evident. In both subspecies, the heterochromatin was scarcely defined on the metacentric pair. The Y chromosome did not show presence of constitutive heterochromatin in O. v. gymnotis, but this could not be determined in O. v. margaritae because the only animal analyzed was a female. NOR banding in the two subspecies revealed, similarity in the location of NOR regions on two homologous pairs of the largest acrocentric chromosomes ( Fig. 3 and Fig. 4) . Additionally, O. v. margaritae showed, in some cells, a third NOR band at the centromeric region in both homologues from pair 9. However, this difference cannot be confirmed due to the very few metaphases that were obtained, and as a consequence, band frequency was no longer seen as constant.
G banding (Fig. 5 ) allowed matching up the homologous chromosomes in O. v. gymnotis and O. v. margaritae. The largest acrocentric elements and the X sexual chromosome showed well-differentiated bands, while in some cases, mediumand small-sized pairs showed bands in the terminal or pericentromeric regions. In some smaller chromosomes and the Y sexual chromosome, G-bands were not seen. The metacentric autosomal pair showed a terminal tenuous band and absence of a band in the pericentromeric region. G banding revealed similar patterns, except in the second autosomal pair (Fig. 6) VAN TUINEN et al. 1983; BENIRSCHKE 1967-1970) . From all five Odocoileus v. gymnotis animals under study. We were able to identify satellites in autosomal pair two in only one of the individuals. The presence of satellites located in the largest acrocentric pair of several species of cervids subfamilies ( The results from C-bands, in the current study, are similar in Mazama americana (JORGE and BENIRSCHKE 1977a), with pericentromeric as well paracentromeric C-bands. The presence of at least one pair of bibrachial chromosomes showing a weak or absent pericentromeric band in the karyotype of the studied cervids, except for Capreolus capreolus and C. c. pygargus, suggests that these chromosomes could be originated by the fusion of acrocentric chromosomes, as stated by RUBINI et al (1990) and VAN TUINEN et al. (1983) .
X chromosome G-banding reported for Capreolus capreolus is similar to that found in specimens of the two Odocoileus virginianus subspecies under study, while in some species from the subfamily Cervinae, bands show a pericentromeric inversion (RUBINI et al. 1990 ; VAN TUINEN et al. 1983) . RUBINi et al. (1990) have shown using G-banding that the submetacentric X sexual chromosome from Capreolus capreolus has bands similar to the acrocentric X sexual chromosome from Dama dama (subfamily Cervinae), but it is inverted. All members from the subfamily Cervinae have an acrocentric X chromosome, which allows us to think this chromosome in ancestral form could be acrocentric because it is preserved in most subfamilies, except in the members of Odocoileinae.
The results of NOR-bands are coincident with those reported for Mazama gouazoubira, Ozotocerus bezoarticus y Blastocerus dichotomus (BARBANTI 1997) , which present NOR bands in the terminal region of the largest two acrocentric pairs. NOR has been reported for pair 1 in Blastocerus bezoarticus, Hippocamelus bisulcus, Odocoileus hemionus, Alces alces and Capreolus capreolus (SPOTORNO et al. 1987) . The absence or weak NOR band in one of the homologues of chromosomal pairs 3 and 9 in Odocoileus v. margaritae could be explained by the absence of active genes from rRNA during transcription or attributable to a variation in NOR position not detected in mainland animals. In some cervids species, such as Capreolus capreolus, NOR banding was located in the acrocentric chromosomes of pair 1 and 3 (MAYR et al. 1987) . Even if one of the NORs found in cervids subspecies and species seems to be constant, the location of the second one does not indicate a high level of conservation. Band nature regarding to size and location (telocentric or centromeric) of nucleolar organizer regions is not well known; they would just indicate areas where rRNA could be active during protein synthesis in the process of cellular division. Generally NOR position is well preserved in the Cervidae. RUBINI et al. (1990) have stated that the ancestor to the Cervidae had a karyotype made up of 70 acrocentric chromosomes, which gave rise to two lines: the Cervinae, which by Robertsonian fusion of two acrocentrics added a pair of bibrachial chromosomes; and the Odocoileinae, where the X chromosome underwent pericentric inversion, leading from acrocentric to bibrachial. The analysis of karyological results available for the Odocoileinae subfamily and possible relations among distinct karyotypes (Table. 1) of this data, has allowed us to reassess the proposal from other authors about some changes that took place in the chromosomes.
In the Odocoileinae, some changes have occurred in the sexual chromosomes. In all species, the X chromosome changed from acrocentric to bibrachial, and that change was also evident in the Y chromosome in some species. In addition, the occurrence of fusions has been inferred, diminishing the 2n, as well as inversions that have altered the FN.
We agree with the hypothesis that from an ancestral karyotype of 2n=70, three subfamilies were originated Odocoileinae, Cervinae and Hydropotinae (Fig. 7) . For the first lineage, there was an inversion of the X sexual chromosome. There were karyotypes that kept the ancestral metacentric pair (as in Rangifer tarandus, Rangifer p. hollister, Alces alces and A. a. americanus) as well as in Odocoileus virginianus, O. v. gymnotis, O. v. margaritae, Odocoileus v. borealis, Odocoileus hemionus and Pudu puda, where chromosome Y was also inverted. In Mazama a. erxleben and Capreolus capreolus there are inversions of autosomal and sexual chromosomes. On the other hand, in Blastocerus dichotomus there was fusion and posterior inversion of the X sexual chromosome and for Mazama a. temana, besides the X sexual chromosome inversion an inversion and fusion of chromosomes could have occurred in a simultaneous way.
Finally, the absence of essential differences between karyotypes of O. v. gymnotis and O. v. margaritae does not allow assurance that they are two full species as MOLINA and MOLINARI (1999) have stated.
